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Abstract: This work investigates the feasibly in using 
a low noise “C” Band block down-converter as a Ultra 
High Frequency window coupler for the detection of 
partial discharge activity from free conducting 
practices and a protrusion on the high voltage 
conductor in Gas Insulated Switchgear. The 
investigated window coupler has a better sensitivity 
than the internal Ultra High Frequency couplers fitted 
to the system. The investigated window couplers 
however are sensitive to changes in the frequency 
content of the discharge signals and appear to be less 
sensitive to negative discharges signals produced by a 
protrusion than the positive discharge signals. 
1. Introduction
Gas Insulated Switchgear (GIS) has become a popular 
alternative to air and oil insulated systems. This is due 
to the high reliability and availability of GIS. 
Diagnostic and condition monitoring has become the 
buzzword in the power supply industry these days to 
maximize the uses of existing assets in terms of return 
on investment, continuity of supply and planed 
maintenance schedules. Eskom has made a large 
investment in GIS at various voltage levels up to 765 
kV starting in the late 70’s. GIS is typically located at 
strategic nodes in the transmission network making 
the availability of the equipment of prime importance. 
The relative old age of this plant and the large expense 
associated with a repair to a failed GIS (in terms of 
equipment costs and lost supply), a large amount of 
money has been spent on developing and applying the 
most relevant diagnostic techniques for GIS within 
Eskom. Due to the totally enclosed nature of GIS, it is 
not possible to perform a visual inspection of the 
system for defects. It has therefore become necessary 
to develop specialized non-intrusive diagnostic tools 
that can be applied to the system on-line. 
To ensure this high reliability it is necessary 
to develop reliable and accurate diagnostic tools. The 
Ultra High Frequency (UHF) technique of partial 
discharge (PD) detection in GIS has proven itself to be 
a useful diagnostic tool for the detection of defects 
within the GIS [1], [2]. Due to UHF couplers not 
being fitted to most of Eskom’s GIS, it has not been 
possible, till now, to conduct UHF PD detection on 
these systems. This would necessitate the retrofitting 
of internal couplers. All of Eskom’s GIS systems are 
fitted with dielectric windows on all disconnector 
switch chambers and earthing switch cambers. This 
therefore permits UHF window couplers to be used. 
Commercially available UHF window couplers 
however have a lower sensitivity than internal 
couplers. Low noise block down-converters have been 
used experimentally as couplers for the detection of 
PD activity from generator windings [3]. The use of a 
low noise block down-converter has the advantage of 
built in low noise high gain (approximately 65dB) and 
shifting of the high frequency PD signals to a lower 
frequency. 
2. Experimental Set-up
The experimental set-up is shown diagrammatically in 
Figure 1. This set-up consists of commercial grade 
400kV GIS sections energised via a 540kV gas 
insulated test transformer. Internal UHF couplers are 
located at points A and B. The experimental “C” Band 
window coupler is located on dielectric window at 
point C. There is a closed conical dielectric spacer 
between the two chambers. The internal capacitive 
shield in the 540kV test transformer is used as the 
coupling capacitor for the IEC 60270 PD detection 
method giving a detection sensitivity of  2 pC. The 
introduced defects are placed in to the test chamber. 
These defects consisted of a protrusion on the high 
voltage conductor and conducting free-floating 
particles. The protrusion was a piece of 0.4 mm 
diameter copper wire 15 mm long, while the 
conducting free floating particles were pieces of 0.4 
mm diameter copper wire  4 mm long. 
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Figure 1. Experimental set-up comprising of commercial 400 kV 
GIS sections energized by a 540 kV gas insulated test transformer. 
A and B location of internal UHF couplers. C location of 
experimental window coupler. 
Figure 2 shows a typical block diagram of a 
low noise “C” Band block down-converter. The 
investigated unit had a typical low noise gain of 65dB 
with a noise temperature of 20ºK. This unit block 
down converts a frequency block between 3.7GHz to 
1
4.2GHz to a block at 950MHz to 1.45GHz using a 
5.15GHz oscillator. The unit is powered via its output 
terminal using a bias “T”. 
Figure 2. Block diagram of a typical low noise “C” Band 
block down-converter. Investigated block down-converter has a low 
noise gain of 65dB with a noise temperature of 20ºK. 
Figure 3. Low noise “C” Band block down-converter used in this 
work. 
The signal from the low noise “C” Band block 
down-converter in Figure 3 was either viewed using a 
spectrum analyser or by displaying the demodulated 
signal on an oscilloscope. The output signal is 
demodulated using a crystal diode detector. 
3. Experimental Results
Conducting free floating particles: Free conducting 
practices consisting of a number of pieces of 0.4 mm 
diameter copper wire  4 mm long were introduced 
into the test chamber at a SF6 gas pressure of 1.2 bar 
absolute. The system was energised at 182.4kV.  
Figure 4 shows the cumulative plot of the 
demodulated output of the window coupler versus the 
energising voltage waveform collected over a 5-
minuet period. No PD activity was detectable above 
the background noise level of  2 PC using the IEC 
60270 based detector. 
Figure 5 shows the measured spectra from 0-
5GHz out of the internal coupler at position A. This 
figure shows the PD signal as well as the background 
noise level. Both traces were accumulated over a 5-
minuet period. 
Figure 6 shows the measured spectra from 0-
3GHz out of the window coupler at position C. This 
figure shows the PD signal as well as the background 
noise level. Both traces were accumulated over a 5-
minuet period. 
Figure 7 shows a comparison between the 0-
3GHz window coupler spectrum in Figure 6 
normalised to the background noise and the internal 
coupler spectrum in Figure 5 normalised to the 
background noise. 
Figure 4. Conducting free-floating practical PD cumulative plot of 
the output of the window coupler versus the energizing voltage 
waveform over 5 minuets. 
Figure 5. 0-5GHz Conducting free floating practical PD spectrum 
from the internal coupler at position A in Figure 1 compared to the 
background noise level. Trace 1 PD spectra and Trace 2 background 
noise level. 
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Figure 6. 0-3GHz Conducting free floating practical PD spectrum 
from the window coupler at position C in Figure 1 compared to the 
background noise level. Trace 1 PD spectra and Trace 2 background 
noise level. 
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Figure 7. Comparison between the investigated window coupler and 
the internal couplers signals for conducting free-floating practical 
normalized to the background level. 
Protrusion on the high voltage conductor: A 
protrusion on the high voltage conductor consisting of 
pieces of 0.4 mm diameter copper wire 15 mm long 
were introduced into the test chamber at a SF6 gas 
pressure of 1.2 bar absolute. The system was 
energised at 228.0kV. 
Figure 8 shows the cumulative plot of the 
IEC 60270 method detector and the demodulated 
window coupler output versus the energising voltage 
waveform collected over a 5-minuet period. No PD 
activity was detectable above the background noise 
level of  2 PC using the IEC 60270 method detector. 
Figure 9 shows the measured spectra from 0-
5GHz out of the internal coupler at position A. This 
figure shows the PD signal as well as the background 
noise level. Both traces were accumulated over a 5-
minuet period. 
Figure 8. Protrusion on the high voltage conductor PD cumulative 
plot of the IEC 60270 method detector and the demodulated 
window coupler output versus the energizing voltage waveform 
over 5 minuets. 
Figure 9. 0-5GHz Protrusion on the high voltage conductor PD 
spectrum from the internal coupler at position A compared to the 
background noise level. Trace 1 PD spectra and Trace 2 background 
noise level. 
Figure 10. 0-3GHz Protrusion on the high voltage conductor PD 
spectrum from the window coupler at position C compared to the 
background noise level. Trace 1 PD spectra and Trace 2 background 
noise level. 
159 pC calibration 
pulse 
Window coupler 
IEC 60270 Detector 
Energizing voltage 
3
Figure 10 shows the measured spectra from 
0-3GHz out of the window coupler at position A. This 
figure shows the PD signal as well as the background 
noise level. Both traces were accumulated over a 5-
minuet period.  
Figure 11 shows a comparison between the 0-
3GHz window coupler spectrum in Figure 10 
normalised to the background noise and the internal 
coupler spectrum in Figure 9 normalised to the 
background noise. 
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Figure 11. Comparison between the investigated window coupler 
and the internal couplers signals for a protrusion on the high voltage 
conductor normalized to the background level. 
4. Discussion
Figure 7 shows a comparison between the spectrum 
from the window coupler and the internal coupler at 
position A normalised to the background noise 
produced by free conducting practices in the test set-
up. It is clearly shown that the window coupler 
produces a signal that is  34 dB larger than that 
produced by the internal coupler. This therefore 
results in a better sensitivity to this type of defect 
when compared to the internal coupler. This window 
coupler appears to have a detection sensitivity better 
than that of the IEC 60270 based detector  2pC for 
free conducting practices. From Figure 4 it can be 
seen that the particles are starting to “shuffle”. 
Figure 11 a comparison between the 
spectrum from the window coupler and the internal 
coupler at position A normalised to the background 
noise produced by a protrusion on the high voltage 
conductor in the test set-up. It is clearly shown that the 
window coupler produces a signal that is  8 dB larger 
than that produced by the internal coupler. The 
protrusion is seen to be generating both positive and 
negative discharges. From Figure 8 it appears that the 
window coupler is less sensitive to negative 
discharges than positive discharges. These figures also 
suggest that there are significant changes in the 
frequency spectrum produced by positive discharges. 
The signal from the investigated window 
coupler can be analysed using a narrow band detector 
consisting of a spectrum analyser in the zero span 
mode with a centre frequency at  2GHz and a wide 
resolution bandwidth of  10MHz. If the spectrum 
analysers’ time sweep can be synchronised to the 
systems supply voltage waveform, a phase resolved 
partial discharge pattern could be produced. A centre 
frequency of  2GHz will produce the larges signal for 
both free conducting practices and protrusions on the 
high voltage conductor. Using such a narrow 
bandwidth detector instead of a crystal detector and 
oscilloscope to analyse the detected partial discharge 
information allows the noise level of the signal to be 
reduced. 
5. Conclusions
This work investigated the feasibly in using a low 
noise “C” Band block down-converter as a window 
coupler for the detection of partial discharge activity 
in GIS. 
The experimental window coupler produces 
signals that are larger than those measured from the 
internal UHF coupler for both free conducting 
practices and a protrusion on the high voltage 
conductor. 
The experimental window coupler is 
sensitive to the frequency content of the discharge 
activity. This results in the method not being 
calibrated. 
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